The intake of whole-grain (WG) foods by adolescents is reported to be approximately one-third the recommended intake of 48 g/d. This 6-wk randomized interventional study determined the effect of replacing grains within the diet with refined-grain (RG; n = 42) or WG (n = 41) foods/d on gastrointestinal and immune health in adolescents (aged 12.7 6 0.1 y). A variety of grain-based foods were delivered weekly to participants and their families. Participants were encouraged to eat 3 different kinds of study foods (e.g., bread, cereals, snacks)/d with goals of 0 g/d (RG) and 80 g/d (WG). Stool samples were obtained during the prebaseline and final weeks to measure bifidobacteria and lactic acid bacteria (LAB) using qPCR. Stool frequency was recorded daily. Blood was drawn at baseline and at final visits for immune markers. Across groups, total-grain intake increased by one serving. The intake of WG was similar at baseline (18 6 3 g) between groups but increased to 60 6 5 g in the WG group and decreased to 4 6 1 g in the RG group. Fecal bifidobacteria increased from baseline with both interventions, but LAB increased (P < 0.05) from baseline [2.4 6 0.2 log 10 genome equivalents (eq)] to wk 6 (3.0 6 0.2 log 10 genome eq) in the WG group but not in the RG group (baseline: 2.9 6 0.2 log 10 genome eq; wk 6: 3.0 6 0.1 log 10 genome eq). There was no difference in stool frequency, serum antioxidant potential, or in vitro LPS-stimulated mononuclear cell production of inflammatory cytokines between groups. However, across both groups the number of daily stools tended to increase (P = 0.08) by 0.0034 stools/g WG or by 0.2 stools with 60 g WG, mean antioxidant potential increased by 58%, and mean production of TNF-a, IL-1b, and IL-6 decreased by 24, 22, and 42%, respectively, between baseline and wk 6. Overall, incorporating either WG or RG foods increased serum antioxidant concentrations and decreased inflammatory cytokine production; however, WG study foods had more of an effect on aspects of gastrointestinal health.
Introduction
The 2010 Dietary Guidelines for Americans recommend that at least half of the daily intake of grains derive from whole grains (WG) 10 (1), a source of vitamins, minerals, phytochemicals, and antioxidants. WG contain various fiber components that contribute to fecal bulking, help maintain a ''healthy'' fecal microbiota, and can be fermented to produce SCFA (2) (3) (4) (5) . SCFA and butyrate in particular are thought to preserve the colonic mucosal barrier by maintaining tight junctions between the epithelial cells and increasing the transport of secretory IgA (sIgA) into the colon (6) (7) (8) . These effects within the intestine combined with the antioxidants provided by WG may reduce the inflammatory burden and improve immune function in individuals who regularly consume WG.
Observational studies show an association between consumption of WG foods and decreased concentrations of circulating inflammatory proteins and protection from metabolic syndrome, cardiovascular disease, and insulin resistance in adults (9) (10) (11) (12) (13) and adolescents (14) . Unfortunately, various factors, including smoking status, physical activity, and other dietary compounds, can confound such observations, and it is difficult to properly adjust for them (9) (10) (11) . Relatively few randomized controlled studies have examined the effect of WG on health in adults (3, (15) (16) (17) (18) (19) (20) (21) , and no studies, to our knowledge, examined the role of WG on gastrointestinal and immune health in adolescents.
The role of WG foods on immune and gastrointestinal health of adolescents is of particular importance as school systems incorporate more WG foods into meals to comply with the new USDA Nutrition Standards in the National School Lunch and School Breakfast Programs (22) . WG foods are typically more expensive (23) and may not be well accepted by adolescents who typically consume <1 serving/d of WG foods (24) .
The purpose of this study was to determine the effect of incorporating refined-grain (RG) or WG foods into the usual diets of healthy adolescents on gastrointestinal and immune health. Adolescents were encouraged to eat at least 3 different study foods/d to meet recommendations for total grain intake (1), with a goal of at least 5 ounce-equivalents (oz-eq) of RG or WG foods/d, where an ounce equivalent is defined as the amount of grains equivalent to that found in a 28-g serving of regular bread.
Participants and Methods

Participants
Adolescents were recruited from a local middle school (ages 11 to 15 y) with a student population of 970 and where 45% of the student body qualified for free or reduced-fee school meals. A total of 196 adolescents were screened, and 91 assented to participate with the consent of at least one parent (Fig. 1 ). Participants were excluded if they were taking any medications for constipation or diarrhea, receiving antibiotics during the 4 wk prior to randomization, consuming probiotics or >3 servings/wk of yogurt, or had gastrointestinal, kidney, or immune-modulating diseases, diabetes, or any known food allergies. Eight participants were excluded because they did not meet inclusion/exclusion criteria (n = 4) or were no longer interested (n = 4). Eighty-three participants began the 1-wk prebaseline screening and were randomly assigned to either the RG group (n = 42) or the WG group (n = 41). All study procedures were approved by the University of Florida Institutional Review Board and the School Board of Alachua County.
Experimental design
Participants were enrolled in this 6-wk, randomized, controlled, parallelarm study over a 3-wk period in February 2010. In the week prior to randomization, one stool sample and 2 targeted 24-h recalls were collected, and height (portable stadiometer), weight (digital scale), and birth date were obtained to determine BMI percentile-for-age. On the morning of randomization, baseline blood and saliva samples were obtained. Participants were stratified on the basis of prebaseline weight category (<95th BMI percentile-for-age and BMI <30 kg/m 2 ; $95th percentile-for-age or BMI $30 kg/m 2 ) and randomly assigned to the RG or WG groups via sealed envelope. The randomization scheme was generated by the statistician (M.C.C.) who did not have contact with study participants. A grocery bag of a variety of grain-based foods was picked up at the school or delivered to the participantsÕ homes each week. Over the intervention period, 6 targeted dietary recalls were obtained from participants. Each day, participants recorded the number of bowel movements and scored gastrointestinal symptoms (i.e., stomach pain, bloating, and gas) on a scale of 0 (no symptoms) to 10 (extreme). On school days, participants turned in questionnaires and picked up study snacks. During the final week of the study a stool sample was obtained, and on the final day of the study blood and saliva samples were obtained.
Grain-based foods and administration protocol
Four rotating weekly food packages containing~10 different grain-based foods (e.g., cereal, pasta, rice, bread, pancake mix, snack foods) were provided to participants and their families. Two single-serving snack packs [i.e., WG cereal (provided by Cereal Partners Worldwide) or 100-kcal cookie packs] were distributed to study participants on school days. The study foods were primarily wheat-based but also included oats, rice, and corn. One serving of the study foods provided 0 g (RG group) or 16 6 1 g (WG group) of whole grains. Participants were told to eat the study foods in place of grains consumed as part of their typical diet, and they were encouraged to eat 3 different kinds of study foods each day with the goal of 5 oz-eq of grains/d.
Targeted diet recalls and daily questionnaires
Multipass, targeted 24-h recalls were obtained primarily before school. If participants were unavailable before school, recalls were obtained during lunch or after school. Due to time constraints, a targeted diet recall was used. For these recalls, trained study coordinators asked participants to list all of the foods and beverages they consumed in the previous 24 h. Detailed information was obtained only for grain products, fruit, vegetables, and legumes. Serving containers and pictures of foods, including study foods, were used to help determine serving size and type of grain. The school food service director provided lists of WG foods served with school meals. Nutrient intake analyses were completed by using Food Processor software (version 10.8.0.0; ESHA Research). Information on WG content of foods was obtained from the food label or directly from the manufacturer. When this information could not be obtained, the mean WG content from similar foods was used.
Sample collection and laboratory analyses Stool samples were collected by participants in their home or in the school clinic by using a commode specimen collection system (Fisher Scientific). Samples were immediately placed on ice and picked up by study staff. Stool samples were mixed, divided into aliquots, and frozen at 270°C within 6 h of defecation. On blood-draw days, participants reported to the school clinic from 0700 to 0900 where saliva and blood samples were collected. Participants were asked to rinse their mouths with water, wait 10 min, and then pass as much saliva as possible through a straw into a collection tube for 2 min. The unstimulated saliva samples were maintained on ice until centrifuged for 15 min at 1500 g at 4°C. Samples were stored at 270°C until analysis. Blood was collected via venipuncture into serum separator (5 mL) and sodium-heparin (10 mL) tubes. Serum was stored at 270°C until assayed for C-reactive protein (CRP; ALPCO Immunoassays), TG (L-Type TG; Wako Diagnostics), and total antioxidant potential (Cayman Chemical) by using commercially available kits. sIgA was measured in salivary and fecal samples via ELISA by using a commercially available kit (ALPCO Immunoassays).
Peripheral blood mononuclear cells (PBMC) were obtained by diluting whole blood with an equal part of saline and layering on a density gradient (Lympholyte-H; Cedarlane Labs). The PBMC were plated at 1.0 3 10 9 cells/L in Roswell Park Memorial Institute -1640 complete media with 10% autologous serum, stimulated with LPS (20 mg/L, lot 079K4111; Sigma) or phytohemagglutinin (PHA; 20 mg/L; Sigma), and incubated for 48 h at 37°C with 95% humidity and 5% CO 2 . Culture supernatants were collected and stored at 270°C until cytokine production was quantified by using a magnetic multiplexing assay (Group I; Bio-Rad). IFN-g, IL-2, IL-4, IL-5, IL-10, IL-12p70, IL-15, and IL-17A concentrations were measured in PHA-stimulated cultures; and TNF-a, IL-1b, IL-6, and IL-10 were measured in LPSstimulated cultures.
Microbiota analysis
Denaturing gradient gel electrophoresis analysis. Bacterial genomic DNA was isolated from fecal samples by using the QIAamp DNA Stool kit (Qiagen) with an initial bead beating step (25) . Denaturing gradient gel electrophoresis (DGGE) profiles were generated as an initial quality control for DNA extraction and as a crude tool for determining diversity. A 457-bp fragment from the V6 to V8 region of the bacterial 16S rDNA was amplified as described by Zoetendal et al. (26) . DGGE was performed as described (26) .
qPCR. qPCR analysis was performed in duplicate by using a QuantiTect SYBR Green PCR kit (catalog no. 204143; Qiagen) on a Stratagene MX3000P (Agilent Technologies). Reactions were performed in a final volume of 12.5 mL with 10 ng DNA template and 0.2 mmol/L of each primer. The following primers and annealing temperatures were used: 1) eubacteria (V3 F: 5# CCT ACG GGA GGC AGC AG 3#; R: 5# ATT ACC GCG GCT GCT GG 3#, 56°C); 2) bifidobacteria [F: 5# TCG CGT C(C/ T)G GTG TGA AAG 3#; R: 5# CCA CAT CCA GC(A/G) TCC AC 3#, 58°C]; lactic acid bacteria (LAB) (F: 5# AGC AGT AGG GAA TCT TCC A 3#; R: 5# ATT YCA CCG CTA CAC ATG 3#, 58°C). Standard curves for quantification were constructed by using genomic DNA extracted from Bifidobacterium adolescentis (ATC15703D LOT 4013365) for bifidobacteria and VSL#3 (Sigma-Tau Pharmaceuticals, Inc.) for eubacteria and LAB. The amounts of input DNA were converted into genome equivalents by dividing the amounts of template DNA by 2.5 fg.
454-based 16S rRNA pyrosequencing. DNA was amplified by using a barcoded pyrosequencing primer set targeting the V1-V3 region of the bacterial 16S rDNA gene (27) . The PCR reactions included an initial melting step at 95°C for 2 min and 30 cycles at 95°C for 30 s, at 55°C for 30 s, and at 68°C for 1 min. Reactions included 1 mmol/L magnesium chloride and 4% formamide. Sequences were obtained from one full 454 titanium plate. Sequence readings with a low-quality score or a length of <150 nucleotides were removed from the analysis. Sequence readings were binned by using ESPRIT (28) into operational taxonomic units (OTU) at the 98% similarity level. The QIIME package (29) was used to calculate the following: 1) Chao rarefaction diversity, which estimates how many OTU are present in a sample, and 2) UniFrac distances (30) , which allow for a comparison of the distribution of OTU among samples.
Statistical analyses
Categorical data were compared by using the chi-square statistic. Gastrointestinal symptoms were reported by very few participants so data were reduced to 2 3 2 tables (i.e., diet group by the absence or presence of the symptoms) with participants as a covariate. The mean number of daily stools across all study days for each participant was regressed on the mean grams of WG consumed during the intervention. One observation for a participant on a single day with >10 stools was removed. Race/ethnicity and baseline weight category on the basis of BMI percentile-for-age were included in the model; however, they were not significant so they were removed. The effect of mean dietary fiber intake during the intervention on mean daily stool frequency during the same period was examined as well. The mean daily stool frequency data were transformed (square root) to achieve approximate normality. The original model included the baseline weight category, but there was no effect of weight category either with or without interactions so it was dropped from the model. The final model was a simple regression of mean daily stool number on mean fiber intake during the intervention.
Immune and biochemical markers of health and fecal samples were obtained at baseline and after the 6-wk intervention (final time period). Because obesity is known to be associated with markers of inflammation, baseline weight category was included in all analyses. Data were transformed by taking the natural log (fecal sIgA and LAB, LPS-induced IL-10, and serum CRP and TG) or square root (fecal bifidobacteria; PHA-induced IFN-g and IL-10; LPS-induced TNF-a, IL-1b, and IL-6) to correct for a skewed distribution and analyzed as a function of diet group (RG or WG) and time period (baseline and final study period), baseline weight category [<85th (healthy weight), 85th-94th (overweight), and $95th (obese) percentiles-for-age], and all interactions. Data were analyzed by using mixed-effects linear models with participant as a random blocking factor. Nonsignificant effects were hierarchically removed to obtain the final model. Differences between means were tested by using the Tukey-Kramer adjustment to control the experimentwise error rate.
Serum TG were obtained at baseline and after the 6-wk intervention. Serum TG data were transformed by square root to correct for unequal variances and skewed distributions. Data were analyzed as a function of total-grain intake in ounce equivalents (as the means of the prebaseline and intervention periods), baseline weight category, and study period. Participant was included as a random blocking factor to account for the paired data. Nonsignificant effects were removed hierarchically to obtain the final model. Diet, immune, and biochemical analyses were conducted by using SAS version 9.2 (SAS Institute). Unless stated otherwise, values are means 6 SEM, and significance is denoted at P < 0.05.
For DGGE profile analysis, background was subtracted from each lane and the profiles were subjected to Gauss modeling. The similarity matrix was calculated on the basis of the Dice correlation coefficient. Phylogenetic trees were generated by using WardÕs clustering method. Shannon diversity indices were calculated for each sample by using the total number of bands per sample and their relative intensities. For sequencing data a chi-square test was used to test for a difference in the prevalence of OTU. We adjusted for an expected high false discovery rate for analyses based only on time period (not diet) by increasing the requirement for significance to P < 0.01. The QIIME package was used to calculate P values for differences in UniFrac distances.
Results
All 83 participants who were randomly assigned to an intervention completed the 6-wk study, and no study-related adverse events were reported. No significant between-group differences were found in gender, age, grade in school, race/ethnicity, or baseline BMI percentile-for-age ( Table 1) . Intake of WG was not different between groups prebaseline. During the intervention, participants in the RG group decreased (P < 0.05) and those in the WG group increased (P < 0.0001) their daily intake of WG, and participants in the WG group consumed 3 g more fiber/d (P < 0.05; Table 1 ). All participants (i.e., RG and WG groups) increased their total-grain intake by 1.1 6 0.4 oz-eq/d; across both diet groups mean nutrient intakes of folate (456 6 Gastrointestinal function. A total of 3374 daily questionnaires were completed by participants. Stomach ache or pain, flatus, and bloating were reported on 25, 35, and 19% of the participant days, respectively. There was no effect of diet group on these gastrointestinal symptoms.
Participants reported 0, 1, 2, 3, 4, and 5 daily stools on 25, 49, 19, 5, 2, and 0.2% of the days, respectively. There was no difference between groups in the number of daily stools. Because RG participants also consumed WG, the relationship between intake of WG and the number of daily stools in general was examined. Across both diet groups, the estimated model for the mean number of daily stools over the study period was b stool n = 0.99 + 0.00343 (g WG). This trend implies that for each gram increase in WG the mean number of stools tended to increase by 0.0034 stools/d (P = 0.08), which would be 0.
2 , implying that for an increase in daily fiber from 10.7 g to 13.1 g, as was observed in the WG group (Table 1) , the mean number of daily stools increased by 0.11 stools/d (P = 0.0006). With no fiber, participants would have a mean of 0.54 stools/d.
Immune function. There was no effect of diet group on salivary or fecal sIgA; however, both were dependent on baseline weight category ( Table 2) . Regardless of diet group, salivary sIgA increased from baseline in healthy-weight participants. This effect was not observed in participants who were overweight or obese. The concentration of sIgA in the feces did not change over time but was significantly greater across time periods in the feces from participants who were in a healthy versus obese baseline weight category.
In vitro cytokine production in response to the T cell mitogen PHA and LPS were examined ( Table 2 ). In response to PHA, IL-4, IL-12p70, IL-15, and IL-17A were detected in the cell cultures from only a few participants. For the other PHAinduced cytokines (i.e., IL-2, IL-10, IFN-g, or IL-5), concentrations of IL-2 increased (P < 0.001) and IL-10 decreased (P < 0.05) in both groups, but there was no difference between diet groups. Similarly, there was no effect of diet group on LPS-stimulated cytokines, but TNF-a, IL1-b, IL-6, and IL-10 all decreased (P < 0.01) between baseline and the final study days in both diet groups. Across time periods, the concentration of TNF-a was significantly greater in cell cultures from participants in an obese versus healthy baseline weight category. No effects of diet group, baseline weight category, or time period were noted on LPSinduced concentrations of IL-8 (data not shown).
Serum CRP and antioxidant potential were measured as indicators of inflammatory status (Table 2) . There was no effect of diet group on either of these indicators. Serum CRP concentrations were lowest for participants at a healthy baseline weight and were progressively higher for those who were overweight and obese. Serum CRP did not change during the intervention. Serum antioxidant potential was not different between diet groups or among the baseline weight categories; however, it increased between baseline and wk 6 in both RG and WG groups. Serum TG was measured as a way to account for changes in serum lipids that may affect total antioxidant potential. Although no associations between serum TG and antioxidant potential were observed, serum TG were altered by the interventions. There was a 3-way interaction between diet group, baseline weight category, and study day (i.e., time period effect, P = 0.0437; Table 2 ), although there were no differences between individual means. There was also a relationship between total-grain intake, baseline weight category, and TG. Baseline weight category strongly influenced how total-grain intake modulated serum TG (P = 0.0004; Fig. 2 ). For participants at a healthy baseline weight, there was no change in serum TG related to intake of total grains, but for participants in the overweight or obese category, there was a large drop in serum TG at higher intakes of total grain. This effect was similar for participants who were obese or overweight (P = 0.11) and different from that observed in participants who were in the healthy-weight category (P = 0.0003).
Microbiota. The success of DNA extraction in all samples was confirmed by DGGE, but no distinct profiles or individual bands for either diet group or time period were revealed. Using the 1 Values are means 6 SEM or n (%). 2 The ''other'' category consisted of Asians (n = 2), mixed white/African American (n = 4), and other (n = 2). Participants who self-defined themselves as white and American Indian/Alaskan native (n = 2) or white and native Hawaiian/Pacific Islander (n = 1) were classified as white. The participant who self-classified as Hispanic and American Indian/Alaskan native was classified as Hispanic. 3 Diet recalls were not available for one participant during the prebaseline period (n = 40). 4 P for the interaction between diet group and time period. There was no main effect of baseline weight category.
Shannon-Weiner and Simpson diversity indices, no significant differences in community diversity were detected. Profiles within participants remained stable across time periods, suggesting that the intervention did not considerably perturb microbiota profiles (data not shown). LAB and bifidobacteria were measured via qPCR. There was a significant (P < 0.05) diet group by time period interaction; LAB increased (P = 0.0002) between baseline and final time periods in stools from participants in the WG group. LAB genome equivalents trended toward being higher (P = 0.08) at baseline in the stools from the RG participants but did not change with the intervention. There was no difference in bifidobacteria between diet groups; however, there was a significant increase (P < 0.0001) in bifidobacteria in both diet groups. There was no effect of baseline weight category on LAB or bifidobacteria (Table 2) . 1 Values are means 6 SEM. *Different from baseline, P , 0.05. B, baseline time point; CRP, C-reactive protein; D, diet group; eq, equivalents; F, final time point; PBMC, peripheral blood mononuclear cells; PHA, phytohemagglutinin; RG, refined-grain; sIgA, secretory IgA; T, time point; W, baseline weight category; WG, whole-grain. 2 The number of participants varied between B and F collections due to limited samples obtained from each participant or the inability to provide a stool sample. One participant refused to provide a blood sample. 3 P value for D, T, W, or 2-way (D3T, W3T) or 3-way (D3W3T) interactions. NS, P $ 0.05. 4 To convert mmol/L to mg/dL, divide by 0.01129.
After preprocessing, 387,933 16S rRNA sequences were retained, with a mean of 3043 sequences/sample and a mean length of 498 nucleotides. Sequence readings were binned by using ESPRIT-Tree into 11722 OTU at the 98% similarity level. Chao1-based rarefaction curves did not significantly differ between diet groups or across time periods, suggesting that overall diversity did not change during the study period. To evaluate changes in overall microbiota composition, principal coordinates analysis based on the unweighted UniFrac metric was performed. No distinct clustering by time period or diet group (data not shown) was detected.
When the prevalence of individual OTU were compared at the 98% similarity level, 21 OTU were detected to be significantly more prevalent and 8 OTU significantly less prevalent at the final time period (Supplemental Fig. 1) , suggesting a treatment effect in both groups. When the effects of WG consumption on individual OTU were examined, 5 OTU showed a strong positive correlation whereas 3 OTU were negatively associated with WG consumption (Supplemental Fig. 2 ).
Discussion
The purpose of this study was to determine the effect on gastrointestinal and immune health of replacing foods in the diets of adolescents with RG or WG foods and encouraging them to consume at least 3 different study foods/d. With the intervention, total-grain intake increased across diet groups, and adolescents in the WG group met the current dietary recommendations of a minimum of 48 g WG/d (1). We anticipated that the added fiber, resistant starch, and oligosaccharides provided by the WG would improve bowel habits and alter the intestinal microbiota. Although we did not observe a difference in the number of daily stools between groups, across groups a small increase in daily stools from a mean of 1 with no WG to a mean of 1.2 with an intake of 60 g WG was observed. Similarly, based on a predictive model, participants across both diet groups would have a mean of 0.54 stools/d with no fiber intake, suggesting that intake of fiber from grains, fruit, vegetables, and legumes was more strongly associated with stool output than WG intake alone. A greater increase in stool frequency may be expected in populations experiencing constipation: Haack et al. (31) suggested that fiber increases stool frequency mostly in individuals with an output of <1 stool/d. In our study population, few participants had <1 stool/d.
Dietary fiber represents one of the main sources of nutrients for the gut microbiota. In this study, the difference in total dietary fiber intake was small between the 2 groups because WG foods are not necessarily good sources of fiber; thus, it is not surprising that we did not observe significant differences in overall microbiota diversity. However, the data showed a variety of bacterial signatures that were affected by the intervention. Differences in microbiota composition including higher amounts of total fecal bacteria might have contributed to changes in stool frequency. In this study total stool output over multiple days was not collected, which would be required to determine differences in total fecal bacteria output. The bacterial signatures affected by the interventions likely represent bacteria best adapted to the changes in the gut environment associated with the added grains. Bifidobacteria and LAB, often considered beneficial for the hostÕs health, increased with both WG and RG foods and with WG foods, respectively. Although the baseline genome equivalents of LAB were higher in participants in the RG group, there was no difference between the diet groups at the final time period. It is plausible that an effect of RG on LAB was not observed due to the higher baseline genome equivalents in the RG group.
Fecal and salivary sIgA were measured as indicators of mucosal immune function. Low concentrations of sIgA are thought to be related to higher rates of upper respiratory infections and decreased clearance of pathogens from the intestine (32) (33) (34) . Neither fecal nor salivary sIgA was influenced by intake of WG; however, both were dependent on baseline weight category. Participants who were at a healthy weight had higher concentrations of fecal sIgA compared with those who were obese, and salivary sIgA concentrations increased between baseline and final time periods only in participants who were at a healthy weight. Although limited, studies in normal-weight versus overweight children show differences in circulating concentrations of immunoglobulin and numbers of leukocytes (35, 36) . The authors suggested that the increased number of circulating immune cells observed in overweight and obese children indicates the presence of a low-level systemic inflammation (36) . Our data are consistent with that hypothesis because both serum CRP and LPS-stimulated TNF-a concentrations were significantly higher in obese participants.
Phytochemicals and antioxidants in WG foods may modulate the inflammatory state (37, 38) ; however, we did not observe differences in the production of inflammatory cytokines between diet groups with autologous serum in LPS-stimulated cultures. This could be due to the types of WG foods provided, which varied in their phenolic acid content and bioaccessibility (39, 40) . In addition, foods provided to the RG group, such as white bread and pasta, are known sources of phenolic acids (40, 41) . Miller et al. (41) reported that the mean antioxidant activities of white bread and white-rice cereal (bran and germ removed) were 1200 and 1300 Trolox equivalents/100 g, respectively, compared with WG bread, which provided 2000 Trolox equivalents/100 g.
It was surprising to observe decreased in vitro concentrations of the proinflammatory cytokines with both dietary interventions FIGURE 2 Predicted mean serum TG by total-grain intake of adolescents regardless of diet intervention group or time point. Predicted mean serum TG concentrations were dependent on the interaction of baseline weight category based on BMI percentile-forage [i.e., healthy weight (,85th percentile), overweight (85th-94th percentile), or obese ($95th percentile)] and total-grain intake. The relationship between serum TG and total-grain intake did not differ before or after the intervention, and therefore the effect of time point was removed from the model. An ounce-equivalent of grains is defined as the amount of grains equivalent to that found in a 28-g serving of regular bread. Values are means and upper and lower 95% CI. To convert mmol/L to mg/dL, divide by 0.01129.
(i.e., WG and RG foods). This effect was not related to total fiber or total-grain intake (data not shown). Others have observed diet-induced changes in in vitro cytokine production, which they attributed to changes in plasma and cell membrane fatty acids. For example, 1 wk of supplementation with a medical food containing protein, fish oil, and specific oligosaccharides decreased the ratio of (n-6):(n-3) PUFA in plasma and white blood cells and increased production of IL-1b, TNF-a, and IL-6 in ex vivo LPSstimulated whole-blood cultures (42). Kalogeropoulos et al. (43) showed that plasma concentrations of SFA were positively correlated with serum concentrations of IL-6 and TNF-a. Although it is unknown whether the composition of dietary fat or concentrations of plasma fatty acids changed with the introduction of WG or RG foods, serum TG concentrations decreased and total antioxidant capacity increased with both interventions, and autologous serum was used in the in vitro cultures.
For both the WG and RG groups, concentrations of IL-2 increased and IL-10 decreased in PBMC cultures stimulated with the T cell mitogen. It is possible that the interventions or other unmeasured lifestyle changes altered the percentages of circulating lymphocytes to monocytes. Changes in diet, exercise, and levels of stress have been shown to modulate cytokine production as well as leukocyte percentages (44) (45) (46) .
Another possible explanation for the observed changes in mitogen-induced cytokine production and salivary and fecal sIgA with the WG and RG interventions is that the overall quality of the diet improved. Enriched grains fortified with folic acid are still an important part of a balanced diet. In fact, a recent systematic review concluded that consuming up to 50% of all grains as ''core'' refined grains (i.e., those without significant added sugar, fat, and sodium) is not associated with disease risk (47) . Mean folate, thiamin, riboflavin, niacin, iron, zinc, calcium, and vitamins B-12, B-6, and E from the targeted foods increased from prebaseline levels across both diet groups. It is possible that increased micronutrient intakes observed in both groups contributed to the increase in total antioxidant capacity and decreased production of inflammatory cytokines (48) .
There were a number of limitations associated with this study. Due to time constraints, multipass, targeted 24-h recalls were obtained. This method decreased participant burden and allowed investigators to obtain 8 dietary recalls from each participant including for those who rode the school bus or who did not have the flexibility of arriving at school earlier on the mornings of their recalls; however, it did not provide dietary intake information from protein or dairy foods or solid fats and added sugars. This information would have been helpful to determine whether intake of added sugars and solid fats decreased when total-grain intake increased and whether these changes altered serum TG and markers of immune function.
Most studies of inflammatory cytokines and health outcomes measure circulating cytokines from the plasma (49) . This study took the novel approach of measuring in vitro mitogen-induced cytokine production because it was not anticipated that there would be measurable concentrations of cytokines in the plasma of healthy adolescents. By completing the in vitro mitogen stimulation studies, measurable differences across all baseline weight categories were observed. Although these differences were attributed to the dietary interventions, it is possible that they could be a result of unmeasured lifestyle changes adopted by the participant and his or her family as a result of almost daily contact with study coordinators. Future studies may need to include a nonintervention control group.
In summary, adolescents and their families were given a grocery bag of grain-based foods each week and asked to replace the grains in their kitchen with the study foods. Participants were encouraged to eat 3 different kinds of study foods each day with the goal of 5 oz-eq of RG or WG foods/d. Both groups successfully incorporated a variety of study foods into their diets and increased their total grain and related micronutrient intake. Whereas WG study foods improved aspects of gastrointestinal function to a greater extent than did RG foods, both interventions equally increased serum antioxidant concentrations and decreased inflammatory cytokine production. These data give support to the Dietary Guidelines for Americans (1) , which recommend that Americans eat a minimum of 48 g WG/d and include enriched and fortified grains as an important source of micronutrients. Future studies need to examine health outcomes related to dietary intake of WG or nutrient-dense RG as part of a complete diet.
